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INTRODUCTION
Early Morrowan strata rest conformably on Late 
Chesterian strata at Arrow Canyon, Nevada. These rocks, 
studied in detail by V. A. M. Langenheim (1964), G. 0. 
Webster (1979)# and C. P. Weibel (1982), are under 
consideration as a possible Mid-Carboniferous boundary 
stratotype. The purpose of this study is to describe and 
evaluate cyclic sedimentation in the sequence and to evaluate 
continuity of deposition as it may affect stratotype 
designation.
, ' - ■ l o c a t i o n
The studied section is in the northeastern portion of 
the Arrow Canyon Range, Clark County, Nevada in the Arrow 
Canyon Quadrangle (Tigure 1), The quadrangle is bounded by 
latitudes 16 3Q'N and 56 45'N and longitudes 1 i4 4b'w and lib 
W.
The canyon is approximately 50 miles northeast of Las 
Vegas (E 1/2, sec. 11, S 1/2, sec. 12, T14S, R64L and SW 1/4, 
sec. 7, T14S, R65E). It can be reached by traveling north on 
Interstate 15 from Las Vegas to Glendale and continuing 11 
miles northwest on Nevada state highway 168. Turn left onto 
a paved secondary road and continue about 0,4 miles. Turn 
right on a jeep trai1 and precced roughty 2 miles, passing a 
refuse dump and a water monitoring well, to the mouth of the 
canyon. The section is roughly 0.7 miles above the mouth of 
the canyon and just below the entrance to the narrov/ gorge.
Figure 1: Location map of Arrow Canyon section and traverse
locations
METHODS AND TECHNIQUES
Description, measurement, and sampling were conducted in 
January, 1989. Unitswithin the section are based on those 
of Webster (1969). Subunits (a, b, etc*} are recognized 
where appropriate on the basis of macroscopic changes in 
chert abundance, fossil type and abundance, grain size, and 
color* Individual units were sampled on both the north and 
south wall of the canyon and visual examination was 
supplemented by thin section examination,
GEOLOGIC SETTING
The Arrow Canyon Mange is in the southern portion ol the 
Great Basin and the south-central portion of the Basin and 
Mange Province. Strata in the range are entirely Paleozoic 
and were folded and faulted during the Late Jurassic to Early 
Cretaceous Sevier Orogeny. Present topography reflects 
north-south trending block faulting which began in the 
Miocene. The canyon was eroded by a superimposed stream 
presumably established during the Pliocene when valley till 
was at a maximum.
The range consists of a main western ridge with lower 
foot hills to the east. The main ridge exposes Ordovician 
through Mississippian strata and includes the western limb ol 
the Arrow Canyon Syncline. The west side ol the range is 
bordered by a high angle fault (Langenheim and Webster,
1979), separating it from the Las Vegas Range. The eastern 
flank of the main ridge and lower foot hills parallel the 
syncline, which plunges to the north (Longwell, ettal.,
1965). The Arrow Canyon Section is in the eastern foothills 
of the rarge, which expose Mississippian to Permian strata 
dipping east to southeast.
Strata of the section were deposited on the eastern edge 
of the Bird Spring Basin during the Late Chesterian/Early 
Morrowan. The basin was part of the Cordiileran 
Miogeosyncline which received clastic sediments derived from 
the Antler Orogenic belt, located to the west (Rich, 1977),
as well as from the platform to the east. The eastern border 
of the basin was the Las Vegas-Wasatch Line. The 
miogeosynclinewas characterized by a series of isolated or 
interconnected basins, including the Bird Spring Basin.
Wilson (1975) suggested the strata represent Morrowan 
transgression while Heath, Lumsden, and Carozzi (1967) 
proposed 46 complete cycles of transgression/regression in 
the Morrowan, of which only the lowest are within the 
sequence currently under study.
7GENERAL STRATIGRAPHY
Latest Devonian through Pcirmian strata exposed in Arrow 
Canyon, strike about N30E and dip 30-35 southeast. All rocks 
studied in this paper are within the Bird Spring Group, Clock 
(1929) originally used the term "Bird Spring Formation" in 
the east-central portion of the Spring Mountain Range in 
southern Nevada, referring to Hewett's then unpublished 
study. Hewett (1931), af ter detailed study, placed the Bi rd 
Spring Formation entirely within the Pennsylvanian System. 
Longwell and Dunbar (1936) recognized Chesterian .fossils in 
the basal portion of the formation in the spring Mountains 
and assigned these rocks to their Indian Springs Member ot 
the Bird Spring Formation. Bissel (1962) first recognized 
the Bird Spring Formation at Arrow Canyon.
Langenheim et.al. (1962) subdivided the entire Bird 
Spring Group at Arrow Canyon into five units, BSa through 
BSe, and elevated the Bird Spring Formation to group status. 
They also consIHared units BSa and BSb equivalent to the 
Indian Springs Formation of Longwell and Dunbar.
Langenheim and Langenheim (1965) formally named unit BSa 
the Battleship Wash Formation of the Bird spring Group 
because of its distinctive lithology and usefulness as a 
mapping unit. They also recommended abandonment ot the name 
♦'Indian Springs1* because of its use in formation names in 
units from Maryland and Indiana. The name Indian Springs 
Formation, however, is still used in reference to the BSb
unit of the group.
The section examined in this paper lies entirely within 
the BSc portion of the Bird Spring Group. The sequence 
consists of fine- to coarse-grained cherty limestone with 
widespread brachiopod and columnal fragments and sparse 
bifurcating bryozoans.
A distinctive limestone pebble conglomerate, Unit W29, 
is important because it might represent subaeriai deposition. 
The unit is 1'3M thick and occurs (1'4'') above the xonal 
boundary defining the Mississippian/Pennsylvanian .Systems.
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Clayton, (1983), described a possible mechanism for 
chert formation. Sulphate reducing bacteria oxidize 
bio-organic molecules and C02. The chemical states of suitur 
and co2 depend on environmental conditions because the two 
must, reach an equilibrium. If there is an excess of iron, as 
in mud-rich rocks, sulphur is transformed to pyrite. The 
main source of iron in most rocks is the oxides and 
hydroxides on the surface of clay minerals, making iron a 
limiting agent. In the latter case, C02 moves toward the 
C0 32“ species and carbonate precipitation may result. H2S is 
lost as pyrite.
If sulphur is not fixed as pyrite, the mobile sulphide 
species moves towards more oxidizing conditions. A sulphide 
oxidizing bacteria Thiobacilius then uses dissolved oxygen to 
convert mobile sulphur to SO42* or native sulphur. Lhese 
reactions are concentrated at the oxic-anoxic boundary and 
can lower pH, resulting in carbonate dissolution.
Amorphous silica, provided by sponge spicules, 
radiolarian and diatom tests, precipitates in the void left 
by dissolved carbonate. Pore water generally is 
undersaturated with respect to amorphous silica and saturated 
with respect to crystalline silica (opal-CT). This promotes 
dissolution of amorphous silica and precipitation of 
crystalline silica. Dissolution outpaces precipitation but 
the silica in solution is metastable causing rapid
crystalline silica deposition in the presence a t a 
agent in the form of carbonate ions.
. < • ■ ■ - ■j-- -• ■
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Conodonts recently have become an important tool in 
determining geologic boundaries. At the Tenth International 
Congress on Carboniferous Stratigraphy and Geology (Lane,
et.al, 1985), it was decided to use the first occurrence of
the conodont Peelinognathodus noduliferous as the base of the 
Pennsylvanian system.
The stratigraphically lowest occurrence ot this conodont 
is 2.8' below the base of unit W29. Previously, unit W29 had 
been referred to as marking the Mississippian/Pennsylvanian 
unconformity. Biostratigraphic work, however, by Lano, 
et.al, (1982), indicates relatively continuous sodimontation 
within the sequence including units W29 through v»>2.
DISCUSSION
The sequence of strata studied in this paper consist of 
coarse-grained calcarenite at the base shifting to medium- to 
fine-grained crystalline limestone at the top of the section. 
This suggests shallow water deposition in the hate Chesterian 
g ra ding to deeper water depos it ion i n t lie* Ka r 1 y M o r ro v/u n .
Units W24a through W28 are a series o t course- to 
medium-grained biocaIcarenite and calcareous shale beds., The 
biocalcarenite contains disarticulated coiumnal "and 
silicified brachiopod fragments and scattered encrusting 
bryozoans, BiocaIcarenite beds also include thin layers of 
well-sorted, abraded and sponge-bored s i 1 ici f i ed brach i opod 
fragments, indicating a h igh energy deposit ionaI env ironmont. 
The units also contain abundant post-depositiona1 nodular 
chert layers. Shale beds are platy and calcareous, have 
scattered whole brachiopods, and are much thinner than the 
:bi oca Icarenite layers.
Unit W29 is 1 imestone pebb 1 e cong'lomerate v; i th c I ».:•t s us 
much as 0.75" in diameter and averaging 0.2b11 in iiurua.
The clasts are very fine- to coarse-grained.1 imestone. ;he 
matrix is clay and fine-grained quartz. The conglomerate 
also has abundant limonite stains, hematite, limonite and 
calcite cement, and apparently was deposited in a high energy 
environment.
Unit W30 is platy shale with scattered brachiopods and 
apparently was deposited in shallow, quiet water. Unit W31
is crossbedded and consists of very fine-grained limestone 
interbedded with fine-grained sandstone. Units W30 and W31 
appatently were deposited in a moderately high energy 
environment and unit W31 was deposited in a mixed 
carbonate/clastic environment.
Units W32 through W3 5 are another sequence* of 
biocaicarenite similar to that of units W24A though W28. Inis 
sequence, however, consists of mostly medium-grained 
biocaicarenite and contains rugose corals. This sequence 
probably was deposited in siightly quieter water than units 
W24 A through W28.
Units W36 through W4SE are a sequence of mostly 
fine-grained bioclastic limestones. Nodular chert layers are 
abundant and columnals and silicified brachiopod fragments 
are also abundant but the brachiopod layers characterizing 
units W24A through W35 are absent. This sequence apparently 
was deposited in a lower energy environment than the previous 
units and suggests deposition in deeper water in the Early 
Morrowan than the biocaicarenite sequences in the older 
strata.
13.
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INTERPRETATION
Heath, Lumsden, and Carozzi (1967), Marquez (1988), 
Miller (1988), and Stermer (1989) all recognized cyclic 
sedimentation in the Bird Spring Group at Arrow Canyon 
through analyses of macroscopic grain size, chert occurrence 
and type, and microfacies. The studied section, however, 
apparently lacks cycles of the nature reported by these 
authors.
Marquez (1988), Miller (1988), and Stermer (1989) each 
recognized cyclic sedimentation expressed by grain size 
higher in the Bird Spring Group. Marquez and Miller also 
recognize cyclicity in chert occurrence. An ,,.ideul-M cycles 
are characterized by a generally shallowing upward sequence, 
with a corresponding increase in energy, followed by an 
abrupt deepening event. These cycles have been compared with 
Vail cycles (Vail, et.al. 1977), Punctuated Aggradational 
Cycles (Goodwin and Anderson, 1985), the eustatic model 
(Wilkinson 1982? James, 1984), the autocyclic model 
(Ginsburg, 1971) and the new eustatic model (Carozzi, 1986).
Grain size in the Latest Chesterian through Earliest 
Morrowan ranges from clay and micrite to very coarse grained 
crystalline limestone. Cyclicity of the nature described by 
Marquez, Miller, and Stermer is not apparent but a generally 
upward deepening sequence occurs from the base of the section 
and possibly from lower in the Mississippian.
Marquez (1988), recognized cycles based on chert type
and occurrence. Marquez found four chert types and their 
associated lithologies. Type one consists of small 
individual nodules (1" to 3" diameter) in fine-grained, silty 
limestone. Type two is characterized by slightly larger 
nodules (4" to 5" diameter) in fine-grained, medium- to 
thick-bedded limestone. In type three, discontinuous ovoid 
nodular chert layers occur in fine-grained, medium-bedded 
limestone. Type four occurs as large individual nodules oi 
"cannonball" style chert (8" to 1 2 " diameter) in 
medium-grained massive, cliff-forming limestones. The cyclic 
chert occurrence noted by Marquez and Milier relates directly 
to cycles of grain size as each chert type is confined to a 
specific lithology.
Only the type three chert is abundant in the Late 
Chesterian through Early Morrowan sequence but it is not 
restricted to fine-grained limestone. Type one chert also 
occurs in one bed but does not occur in the fine-grained 
lithology as reported by Marquez and thus, the section lacks 
chert cyclicity.
Marquez, Miller, and Stermer also related their cycles 
to the microfacies cycles of Heath, Lumsden, and Caroz/i 
(196?). Heath, et.al. examined much of the section at the 
canyon, describing eleven microfacies (0-5 and 0a-4a) with 
microfacies o representing deposition in a deep, low energy 
environment, and microfacies 5 representing deposition in a
16
shallow, high energy environment.
Microfacies 0 is fine-grained limestone in thin to 
massive beds without visible fossils but contains abundant 
chert nodules and layers. Microfacies l consists of thin to 
thick resistant beds of poorly fossiliferous fine-grained 
limestone with abundant chert nodules and layers.
Microfacies 2 is medium-grained limestone occurring in thin 
to medium, poorly resistant beds with moderately abundant- 
chert and crinoid, braehiopod and bryozoans. Microlaeios > 
is coarse-grained limestone occurring in thin to massive 
resistant beds with a relative lack of chert but with 
abundant fossils. Microfacies 4 is medium- to coarse-grained 
limestone in thin to massive resistant beds and with abundant 
fossil debris. .Microfacies 5 is medium-grained limestone.''' 
occurring in thin to medium resistant beds with abundant 
oolites and fossil debris and no chert. Microfacies 0a-4a 
are quartz-rich equivalents of microfacies 0-4,
Heath, Lumsden, and Carozzi recognized 46 transgressive- 
regressive cycles in the Morrowan at Arrow canyon. Marquez, 
Miller.,', and stermer found reasonable correlation between the-' 
cycles of their respective sections and those oi Heath, 
e t »a 1 ♦
The sequence studied by the author does not lie within 
the section studied by Heath, et.al., but Shroba (1.9BB) 
identified microfacies in much of the section using the same 
criteria as Heath, et.al. Shroba's microfacies work
indicates one possible cycle of sedimentation with 
incomplete cycles at the base and the top of the section.
The first cycle (incomplete) begins at the base of unit 
W26 and terminates at the ease of unit W29. This cycle 
fluctuates between microfacies 4 and 3. Unit W30 belongs to 
microfacies 0 according to Shroba and does not follow the 
patterns of sedimentation above and below the unit. The 
second cycle begins at the base of unit W31 and terminates <it 
the base of unit W36A. This cycle begins in quart/-rich 
microfacies 4, and slowly descends to microfacies o. The 
third cycle (incomplete) begins at the base of unit W36A and 
terminates at the top of unit W4 5E. This cycle begins in 
microfacies 5, descends to microfacies 2 and back to 7, and 
fluctuates from microfacies 3 to 1 and back to 3.
Cycle one does not appear to be a true cycle but simply 
indicates shallow deposition at the end of the chesterian. 
Cycle two appears to be fairly well developed but is upward 
deepening, opposite to the upward shallowing cycles reported 
by previous authors. Cycle 2 represents continued deepening 
deposition at the beginning of the Morrowan. Cycle three is 
also incomplete and is the basal portion of an incomplete 
cycle studied by stermer (1989).
Depositional environments during the Late Chesterian and 
Early Morrowan currently are not entirely clear in Arrow 
Canyon and more work is needed. One possibility is that 
units W29 through W31 record an interval of deposition under
1 7
more shallow conditions than the remainder of the BSc 
formation. Unit W29 is limestone pebble conglomerate cemented- 
by hematite, limonite, and cal cite* Unit W30- is' calcareous 
platy shale and unit W31 is fine-grained limestone 
interbedded with fine-grained sandstone. These units may 
reflect regression at the Mississippian/Pennsy1 vanian 
boundary.
If this is the case, unit W2 9 rests on an unconformity. 
Abundant limonite stains and hematite and limonite cement may 
indicate subaerial deposition, as expected at an 
unconformity. Unit W30 could be a tidal flat deposit 
indicating slight transgression. Unit W31 could indicate 
continued deposition in a deepening sea but in a fairly 
shallow environment with a nearby source lor detrital quartz. 
The unit may represent a near shore bar sequence in a mixed 
carbonate/clastic setting. Units W32 and above represent 
continued transgression of an Early Morrowan sea and 
initiation of obviously cyclic sedimentation at Arrow Canyon.
Another alternative is continued transgression beginning 
in the Mississippian before deposition of the Bird Spring 
Group and continuing through the Early Morrowan (figure 2 ). 
The calcarenite in the basal portion of the BSc Formation is 
deposited in a fairly high energy environment. This 
environment was likely a near shore shallow environment and 
could be a shoaling sequence. The limestone pebble 
conglomerate is a very high energy deposit and may be a surf
19
zone deposit* Unit W29 is more likely storm deposit as 
suggested by the extremely large clasts and the lateral 
extent of the deposit. The calcareous shale of unit W30 is a 
low energy shale and could be below the surf zone. The 
crossbedded sandstone may once again represent a mixed 
carbonate/clastic zone of an off shore bar sequence. The sea 
continued to transgress while cyclic sedimentation initiated 
in the Early Morrowan. The cyclic sedimentation continued 
through the remainder of the Morrowan, Atokan, and younger 
series, and may represent first, second, and third order 
cyclic sedimentation.
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Figure 2: Model for lateral distribution of units
21
EXPLANATION
T H I C K  B E D D E D -- -- —
L I M E S T O N E -- ' — ------
C A L C A R E O U S
S H A L E
MEDI UM B E D D E D
A A A
L I M E S T O N E
I , T HI N  B E D D E D A
, l
J_ _ _ L I M E S T O N E A 4— .. ... .
C H E R T  L A Y E R
S C A T T E R E D
C H E R T
i k i :
2 S Z 7>
C R O S S B E D D E D  
L I M E S T O N E  
AND S A N D S T O N E
BR A C H I O P O D  
L A Y E R
L I M E S T O N E  P E B B L E  
C O N G L O M E R A T E
S C A L E
ft m  
1 0 -r 3
1.5
Figure 3: Explanation
P
E
N
N
S
Y
L
V
A
N
IA
N
 
sy
st
em
STRATIGRAPHIC
COLUMNwus
MICROFACIES
lu
U>•O Q — T ’v’
Figure 4: Stratigraphic column with corresponding
microfacies

Figure 4s 
(cont*)
"r/2
:'A
 -• r
l
i
:
1
 .£:* 
i&
-' 
ir*\.£2:>' 
J
t
l
i
.
JL
.'1:... .
.
.
^
<: ’ 
.,• 't. 
''.~L> Iiv
f .<? -L
^V
V
/lssS.
Figure 4: 
(cont.)
UNIT DESCRIPTIONS
Unit Thickness Pescription
N4bE 5'7" Limestone, medium-cjrainecl; medium- to 
thick-bedded; bioclastic; dark-gray 
weathering medium-gray; thin (i”) 
shaiy partings at 9H and above 
base; brown discontinuous nodular 
chert layers at 3M, and 4'7M 
above base; sparse silicilied 
brachiopods.
W4 5D 3'11" Limestone, medium-gra ined, 1ine- 
grained matrix? interbodded with 
shale? limestone medium-gray 
weathering light-gray; brachiopod and 
eoiumnal fragments.
\U  bC 3'9" Limestone, few coarse crystals in 
micrite matrix? thin- to medium- 
bedded; bioclastic; dark-gray 
weathering medium-gray? discontinuous 
chert layers 2 '1 0** above base; sparse 
silicified brachiopods and 
bifurcating bryozoans.
W4 5B 2" Platy shale; light-gray weathering 
ye1 1 ow.
W45 A 5" Limestone, fine-grained; medium- 
bedded? bioclastic? dark-gray 
weathering buff; sparse silicilied 
brachiopods.
K4 4 6 '8" Limestone, medium-grained; medium- 
bedded; interbedded with 3° to 6** 
light-gray shaiy limestone? medium- 
gray weathering light-gray? recessed 
and poorly exposed.
W43 5'11" Limestone, coarse grained; medium- 
bedded; bioclastic; dark-gray 
weathering medium-gray crystalline 
limestone; 1 ” to 2M shaiy partings at 
7M and 2'2" above base; brachiopods 
abundant.
.*&» , — .. _ ui- - . -s. '
W4 2 B
Un i t
W4 2 A  
W41
W40
W39E
W39D
Th i eknoss
] ' 8 M
5 # 5 M
4 '
5 ' 8 M
1 0 # 711
5'5**
Limestone, coarse-grained crystalline 
limestone with micrite matrix 
interbedded with fine-grained 
crystal1 ine l imostone; modi urn-bedded; 
c l i 11 former; b i oe 1 a s t i c ; cj a r l: - g r a y 
weathering light-gray; discontinuous 
nodular chert layer IV 2 ” above base; 
sparse brachiopods.
Limestone, few medium-grain sized 
crystals in micrite matrix; thick- 
bedded; dark-gray weathering light- 
gray.
limestone, fine-grained with coarse­
grained bioclasts interbedded with 
yellowish-gray platy shale; medium- 
bedded ; bioclastic; limestone medium- 
gray weathering light-gray; brown 
discontinuous nodular chert layer 
3 ' 1H above base ? sparse brachi opods *
Limestone, fine-grained with medium- 
grained bioclasts interbedded with 
thin sandy layers; medium-bedded; 
b i oe last ic; da rk-g ray wea t he r i rig 
light-gray; discontinuous dark-brown 
nodular chert layers at 9", i'4•*, and 
4'8M above base; sparse silieiiied 
brachiopods.
Limestone, medium-grained; thick- 
bedded; bioclastic; dark-gray 
weathering light-gray; brown 
discontinuous nodular chert layer 
4'5M above base; sparse brachiopods, 
more abundant in upper 1 to 2 ',
Limestone, very fine-grained 
interbedded with yellowish-gray 
platy shale; thick-bedded; 
bioclastic? dark-gray weathering 
light-gray? dark-brown discontinuous 
nodular chert layers at 2 'll" and 
4'3H above base.
Descriptions
Unit
v m c
W 3hB
W 3 9 A
W3 8
wr/c
W 3 7 B
W 3 7 A
Th i ckness
> t
l' i oM
4 '
'i'll ”
2 ' r 1
5II
Li mestone, mod i um-gra i nod ; no 1 i u: -  
bedded ; b i oc 1 ast i c ; da r k - g r i v 
wo a t he r i ng 1 i g h t-g r a y ; h r o w i \ 
discontinuous nodular chert. I ay<*rs it
7" and 2' above base*; sparse 
brach iopods.
Li mestone, very 1 i ne-grai nod 
interbedded with platy calcareous 
shale; thin-bedded; biociast ic; 
limestone dark-gray weather i ng light- 
g ray, shale ye1 i ow i sh g ray; b rewn 
discontinuous nodular chert layer 
1 ' 4" above base; sparse brach iopods.
Limestone, medium-gra ined; nod i un- 
bedded; bioc1 ast ic; dark-gray 
weathering light-gray; dark-brown 
d i scont i nuous nodu1 a r che rt 1 ayer 2 M 
above base.
Limestone, few med i um-g ra i n s i xed 
crystals in micrite matrix; thick- 
bedded; bioclastic; dark-gray 
weathering medium-gray.
Limestone, tew medium-grain nixed 
crystals in micrite matrix 
interbedded with yel1owish-gray platy 
shale; medium-bedded; b i oc 1 a stic; 
limestone medium-gray weathering 
light-gray, shale yel1owish-gray; 
brown discontinuous nodular chert 
layers at 1'6M and 3 f 4 H above base; 
silicified brachiopods abundant.
Limestone, coarse-grained; thick- 
bedded? bioclastic; light-gray 
weathering light-gray; si 1 icif ied 
brachiopods abundant.
Limestone, very fine-grained; thin- 
bedded; bioclastic; black weathering 
dark-gray; sparse silicified 
brachiopods.
Doscr ipt i on
«' V
Unit ihicknosn Descr ipt i on
i. !..i: B'l" Limestone, met! ium-grai neci; medium- 
bedded; cliff former; bioelastic; 
dark-gray weather i ng mod i un-gray; 
brown discontinucus nodular chert 
1 ayer base; sparse brach iopods.
KK.D i,r>" Id mestone, t i ne-gra i ned; n o d  i um- 
bedded; bioc1 ast ic;dark-gray 
weathering medium-gray.
K M C  l'-5" Limestone, very l i ne-gra i nod; thiim­
bedded; bioelastic; ci a r k - g r; i y 
weather i ng 1i ght-gray.
K M B  2 ' 1" I, i mestone, i i ne-g ra i nod i n 1 e ri *edde< i 
w i th very 1 i no- gra i ned 1 i nor.tone ; 
thin-bedded; b i oc1 a st i c ? 1 a r k-gray 
weathering 1 ight-gray.
K M A  11" Idmestone, medium-grained crystals in 
micrite matrix; medium-bedded; 
bioclastic? dark-gray weathering 
medium-gray; dark-brown discontinuous 
nodular chert layer 4M above base; 
sparse brachiopods.
in & n  '4" Limestone, coarse-grained? medium- 
bedded? cliff former; bioela s 11c ; 
medium-gray weathering 1 ight-gray; 
abundant brown discontinuous nodular 
chert layers from 4 # 7 H above base to 
top; abundant brachiopods and rugose 
corals.
K M  11" Shale, blocky and limy; light-gray 
weathering yellowish-green? sparse 
brachiopods.
K M C  2'8» Limestone, coarse-grained; medium- 
bedded; bioclastic? dark-gray 
weathering light-gray; brown 
discontinuous nodular chert layers, at 
1', 1'6H above base; abundant 
silicified brachiopods.
K M B  2' Limestone, few medium-grain sized 
crystals in micrite matrix? thin- 
bedded; bioclastic? dark-gray 
weathering light-gray? sparse 
silicified brachiopods.
W3 3 A
m 2
w:n
W30
W29
Hississ 
of unit
m b
W27
24'll*' Limestone, coarse-grained,
interbedded w i th f i ne-g ra1 nod 
limestone? thick-bedded; bioclast ip-? 
dark-gray weathering light-gray; 
dark-brown discontinuous nodular 
chert layers throughout -with few 
scattered nodules? abundant 
s i1 ic i fied brach i opods, 1 ocal1y 
concentrated on bedding planes.
12'1M Limestone, very fine-grained? thick-
bedded; bioclastic? medium-gray 
weathering light-gray; abundant 
silicified brachiopods, locally 
concentrated on bedding planes.
5' 6” Limestone, very fi ne-gra i ned
interbedded with tine-grained 
sandstone; very thin-bedded? 
crossbedded; limestone medium-gray 
weathering light-gray, sandstone tan 
weathering brown.
1 M M Shale, platy? light-gray weathering
yellowish-gray.
1 * 3 M Limestone pebbl e conglomerate; cl ast;s
as much as .75° in diameter, 
averaging .25-.3” in diameter; 
medium-grained matrix and hematite 
and limonite cement? thin-bedded? 
light-gray weathering light-gray with 
abundant limonite staining.
Lppia-n/Pennsylvanian boundary occurs 2,8' below..-base 
W29 according to f irst occurrence of us
t Q «5# 8
92 * 6
Limestone, medium-g ra i ned ? mod i um- 
bedded? bioclastic; light-gray 
weathering light-gray; abundant 
silicified brachiopods, locally 
concentrated on bedding planes.
Limestone, shaly, fine-grained; very 
thin-bedded? bioclastic? medium-gray 
weathering yellow? abundant 
brachiopods.
w;>o i
W/< i
w ;>cd
W26C
W2 6B
W26A
W2 5 
W24D
U n i t Th i ckncs:; 
1 '711
1 ' 3"
h' I M
i
1 ' V*
6”
7M"
i I
Limestone, med i tm-qra i nod ? ;\*.-d i ur- 
boddod ; b i oc l a st i c ; b 1 a eV. v. < • 11 ho r i rv j 
da rk-gray.
Limestone, lev; course-grain sized 
crystals in micrito sat r i >:; thick- 
bedded; e 1 i ft 1ormer; b i oc 1ast i c ; 
modi um-q ray weathering light-gray; 
da rk-brown d i scant i nuous nodu1 a r 
chert layers at 2* "iH , 4', 8 * i M , n ' ; » 
and J 0 * i M ; abundant s i i ie i 1 i ed 
b r a chi opod s, 1oea i1y co n c ontr«\ t ed on 
boddlnq p i anos.
Limestone, medium-grained; nodi im­
bedded ; b i oc i as,t. i c ; da rk-g ray 
weather i nq 1 i q h t-q ray; ab u nd a! i1  
s i1 i ci f ied braehi opods, 1 oca 1 1 y
concentrated on bodd i nq p 1 a nos,.
Limostone, coarse-gra i ned; th i ek- 
bedded ; cliff tormer ? b ioc 1 ast. ic ; 
light-gray weathering light-gray; 
brown discontinuous nodular chert 
layers at 1 ', 1'9M, 3' and s' above 
base; abundant si 1 i c i fied 
br ach iopods, 1 oca 1 1 y concent rated on
bedding planes.
Shale, limy, tine-grained; very thin- 
bedded; light-gray weathers 1 ight- 
qray; spa rso s i1 i e i t ied braeh i opo 1:*.
Limestone, coarse-grained; medium- 
bedded; medium-gray weathering light- 
gray; abundant si 1 icified 
brachiopods.
Shale, platy; light-gray weathering 
yellowish-gray.
Limestone, coarse-grained; medium- 
bedded; light-gray weathering light- 
gray; brown discontinuous nodular 
chert layer 1 '4M above base; abundant 
silicified brachiopods.
p o s e r i p t i o n
W2 4C 7" Limestone, coarse-grained interbeddod
with limy shale; thin-bedded; dark- 
gray weathering light-gray; abundant 
silicified brachiopods and bryozoans.
W24B 3 'r,H Limestone, few coarse crystals in
mierite matrix interbedded with 
medium-grained crysta 1 1 i ne 1 imeatone; 
thin-bedded; abundant silicified 
brachiopods, locally concentrated on 
bedding planes.
W24A 3' 1'* Limestone, coarse-grained; thick-
bedded; dark-gray weathering mediur.- 
gray; abundant silicified 
brachiopods, locally concentrated on 
bedding planes.
Urt. i t  T h i c k n e s s  D e s c r i p t i o n
M. 3 l l  "Ox 'V
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